Form  approved 
0MB  No.  0704’0188 


REPORT  DOCUMENTATION  PAGE 


1.  AGENCY  USE  ONLY  fi-eave  blank)  I  2.  REPORT  DATE 


4.  TITLE  AND  SUBTITLE 


High  Speed  Heterostructure  Transistors 


3,  REPORT  TYPE  AND  DATES  COVERED 

FTNAL  REPORT  Q1  Jun  92 


_ ^ 

FUNDING  NUMBERS 


May  9. 


6.  AUTHOR(S) 


3484/S3 

61103/D 


Hadis  Morkoc 

7.  PERFORMING  ORGANIZATION  NAME(sj  AND~AbbRESS{ES) 
University  of  Illinois 
Urbana,  IL  61801 


AFOSR-TR-95  _„| 


9.  SPONSORING /MONITORING  AGENCY  NAME(S)  AND  ADDRESS(E5)  .  .  ..,  j 

AFOSR/NE  /  _  ,K,  | 

110  Duncan  Avenue  Suite  B115  , 

Bolling  AFB  DC  20332-0001  '  "9; 

■'  ■  7  ] 

10.  SPONSORING /MONITORING  | 

AGENCY  REPORT  NUMBER 

F49620-92-J-0259 

11.  SUPPLEMENTARY  NOTES 

I  _ I 

1 

i 

12a.  DISTRIBUTION /AVAILABILITY  STATEMENT 
APPROVED  FOR  PUBLIC  RELEASE: 

DISTRIBUTION  UNLIMITED 

1  12b.  DISTRIBUTION  CODE 

1 

13.  A8STRACT  (Maximum  200  words) 


SEE  FINAL  REPORT  ABSTRACT 


19951114  171 


14.  SUBJECT  TERMS 


17.  SECURITY  CLASSIFICATION 
OF  REPORT 

UNCLASSIFIED 


18.  SECURITY  CLASSIFICATION  I  19.  SECURITY  CLASSIFICATION 
Of  THIS  PAGE  I  OF  ABSTRACT 

UNCLASSIFIED 


15.  NUMBER  OF  PAGES 


16.  PRICE  CODE 


UNCLASSIFIED 


20.  LIMITATION  OF  AB  iTRACT 


NSN  7540-01-280-5500 


Standard  Form  298  (Rev.  2-89) 

Prescribed  by  Ah4S1  Std.  ^39*18 
208-102 


F49620-92-J-0259 


AASERT  FINAL  REPORT  -  High  Speed  Heterostructure  Transistors 
Hadis  Morko?,  University  of  Illinois,  Urbana  IL  61801 

The  growth  and  characterization  of  the  III-V  nitrides  has  been  the  focus  of  intense  effort.  A  major 
problem  plaguing  nitride  growth  has  been  the  absence  of  a  good  substrate  to  grow  on.  Currently 
sapphire  and  6H-SiC  are  the  substrates  of  choice  for  nitride  growth  with  approximately  equal 
results,  although  growth  on  sapphire  yields  slightly  better  results.  We  have  addressed  this  problem 
in  a  fundamental  and  innovative  way  and  given  fresh  insight  into  the  considerations  that  must 
guide  subsequent  substrate  development. 

Practically  all  epitaxial  layers  of  GaN  and  AIN  grown  by  MBE  and  CVD  contain  a  dense  network 
of  threading  defects;  these  defects  originate  at  the  substrate/film  interface  and  often  penetrate 
through  the  whole  film.  Lattice  mismatch  (quite  large  for  6H-SiC  and  sapphire)  is  often  cited  as  a 
cause  of  these  defects.  However  high-resolution  TEM  has  shown  that  lattice  mismatch  in  wurtzite 
nitride  films  can  be  completely  relieved  by  the  formation  of  a  network  of  edge  dislocations  at  the 
substrate/film  interface  and  can  be  confined  to  the  vicinity  of  the  interface.  A  second  type  of 
defect,  the  double  positioning  boundary  (DPB),  is  commonly  cited  as  the  source  of  the  threading 
defects.  Recent  TEM  experiments  showed  that  vertical  defects  do  not  form  on  atomically  flat 
substrate  regions,  forming  instead  at  substrate  steps.  We  showed  that  DPBs  do  not  describe  the 
defects  observed  in  wurtzite  GaN.  We  found  the  defects  to  be  boundaries  between  differently 
stacked  domains  created  at  substrate  steps.  We  proposed  the  defects  be  called  stacking  mismatch 
boundaries  (SMB). 

Theoretical  considerations  showed  that  SMBs  are  inevitable  on  SiC  and  sapphire  substrates 
because  they  invariably  contain  numerous  substrate  steps.  Every  substrate  step  leads  with  high 
probability  to  an  SMB  threading  defect.  The  fundamental  origin  of  this  stacking  mismatch  was 
found  to  be  the  difference  in  stacking  order  between  the  substrate  and  expitaxial  film.  SMBs  can 
be  avoided  if  the  substrate  and  epitaxial  film  have  the  same  stacking  order.  Wurtzite  GaN  is 
hexagonal  (2H).  We  recommend  that  substrate  development  efforts  focus  on  other  hexagonal 
(2H)  materials  such  as  ZnO  and  bulk  GaN  in  order  to  avoid  SMBs. 


This  period  marked  the  success  of  a  long  effort  to  characterize  the  nitride  heterojunction  band 
lineups  by  x-ray  photoemission  spectroscopy.  We  report  a  table  of  valence-band  discontinuities 


